Cutaneous metastasis from hepatobiliary tumors is a rare event, especially following liver transplantation. We report our experience with two cases of cutaneous metastases from both hepatocellular carcinoma and mixed hepatocellular/cholangiocarcinoma following liver transplantation, along with a review of the literature.
Introduction
Cutaneous metastases from internal malignancies occur in 0.6%-10.4% of cancer patients and represent just 2% of all skin tumors [1, 2] . They often present with variable clinical appearance, which may result in a delay and failure in making their diagnosis, impacting morbidity, prognosis, and treatment [2] . Furthermore, they may represent the first sign of cancer recurrence and hence require a high index of suspicion for making the diagnosis.
Skin metastases from primary hepatobiliary malignancies, such as hepatocellular carcinoma (HCC) or cholangiocarcinoma, are exceedingly rare events described mostly in case reports [3] [4] [5] [6] [7] . It is estimated that cutaneous metastasis from HCC represents only 0.2%-2.7% of all cutaneous metastases [8] , and metastatic lesions to the skin secondary to cholangiocarcinoma are even more infrequent with less than thirty documented reports in the literature [7] .
Although rare, cutaneous metastases may represent the first sign of HCC or cholangiocarcinoma recurrence. To date, there has been only one documented case describing skin metastasis from HCC in a patient who underwent liver transplantation [9] . In this report, we will describe our experience with the diagnosis and management of cutaneous hepatobiliary metastases in two patients following liver transplantation.
Case 1
The patient is a 60-year-old Caucasian male who underwent liver transplantation on 1/24/2011 for cirrhosis secondary to Hepatitis C virus (HCV) infection, with a biopsy proven Stage II HCC (3.2 cm single lesion). He underwent chemoembolization prior to transplant. Surgical pathology of the native liver explant demonstrated a residual 2 cm well-differentiated HCC with no lymphovascular invasion and negative margins.
The patient initially had good liver function but developed recurrent HCV liver disease about one year after transplant and was initiated on antiviral therapy with an interferon, ribavirin, and boceprevir protocol. In December 2013 the patient developed several violaceous, painful, firm, immobile skin lesions on his right anterior chest wall, several inches from his transplant incision (Figure 1(a) ). These lesions were biopsied and demonstrated subcutaneous metastatic well-differentiated HCC (Figure 2(a) ).
Immunohistochemical staining was positive for HepPar-1 ( Figure 2(b) ). Interestingly, imaging did not reveal any evidence of intrahepatic or pulmonary HCC recurrence. The patient had undergone a percutaneous biopsy of his HCC pretransplant, but this had been done in October of 2010, more than three years earlier. His alpha-fetoprotein (AFP) levels were never elevated. With clinically and radiographically localized disease, the patient underwent metastectomy with wide local excision and mesh reconstruction in January 2014. Surgical pathology revealed three nodules, the largest measuring 3.7 cm, with each revealing a moderately differentiated HCC. Lymphovascular invasion was also present. After resection, the patient's immunosuppression was changed from a tacrolimus-based to an everolimus-based regimen, due to its potential antitumor properties, and sorafenib therapy was initiated.
Case 2
The second patient is a 55-year-old Caucasian male who underwent orthotopic liver transplantation on 4/7/2012 for HCV-associated cirrhosis and biopsy proven welldifferentiated Stage II HCC (4.9 cm single lesion). He underwent chemoembolization of this mass prior to transplant.
Case Reports in Transplantation Posttransplant surgical pathology of the native liver explant revealed a minimal focus (0.5 cm) of residual HCC at the previous chemoembolization site, as well as another 2.5 cm adenocarcinoma in the perihilar region of the liver, which was suggestive by morphologic appearance and immunophenotypic profiling (positive for CK7, CK20, and mCEA) to be consistent with a mixed HCC/cholangiocarcinoma. This tumor demonstrated microscopic lymphatic, vascular, and perineural invasion with bile duct dysplasia. The lesion had not been seen on pretransplant imaging studies or during his hepatic angiogram during chemoembolization. Because of this, he was maintained with a low-dose immunosuppression regimen and closely monitored for recurrence. In December 2013, eighteen months following transplant, the patient developed numerous painful skin nodules on his abdomen along the lateral and superior aspects of his previous incision site, chest wall, and scalp ( Figure 1) . A biopsy and histopathologic examination of one of the skin lesions revealed tumor cells which were positive for CK7 and EMA immunostains and which were morphologically compatible with metastatic cholangiocarcinoma/HCC (Figures  2(c) and 2(d) ). Again, imaging did not reveal any evidence of intrahepatic tumor recurrence, or any other site of metastasis. His AFP levels remained normal as they had been before transplant, but his CA19-9 level in January 2014 was markedly elevated at 5600 U/mL (not done before transplant). This patient's immunosuppression was also changed from a tacrolimus-to an everolimus-based regimen. He was treated with palliative electron beam radiation therapy to the skin lesions (250 cGy/d given as 14 fractions to 3500 cGy) and was initiated on a systemic chemotherapy regimen of gemcitabine (1000 mg/m 2 IV on days 1 and 8) and cisplatin (25 mg/m 2 IV on days 1 and 8) every 21 days with the goal of completing six cycles in total. In March 2014, he developed a large pleural effusion, which thoracentesis confirmed as malignant. Due to a rapidly deteriorating performance status, chemotherapy was discontinued and hospice services were initiated.
Discussion
The incidence of hepatocellular carcinoma is increasing in the United States and Europe, and it is the third highest cause of cancer-related death globally [10] . HCC is one of the few indications of a tumor that may be potentially cured with liver transplantation, by elimination of both the tumor and the preneoplastic background of underlying liver cirrhosis.
Patients within the Milan criteria (defined as no gross vascular invasion with either a single tumor ≤5 cm or three tumors with the largest lesion <3 cm; up to Stage II tumors) are given priority on transplant waiting lists following workup to rule out metastases [11] . Although recurrence of HCC following liver transplantation has significantly declined since the adoption of the Milan criteria, 8-12% of patients will still develop recurrence with the majority of these patients developing advanced forms of multifocal and extrahepatic metastases. The most common metastatic sites are lung, bones, lymph node, and adrenal glands; cutaneous metastases occur much less frequently [4] .
Cutaneous metastases from HCC are estimated to represent only 0.2%-2.7% of all cutaneous metastases [8] . Cholangiocarcinoma tends to spread to adjacent organs with less than thirty cases of cutaneous metastases described in the literature [7] .
Metastasis to the skin may occur by several different pathways, including hematogenous and lymphatic spread, direct contiguous tissue invasion, and iatrogenic implantation [8] . Cutaneous metastases from HCC most commonly occur in the face, scalp, chest, and shoulders and appear as single or multiple 1-5 cm lesions, which are often firm and reddish blue. Ulceration is often absent and rapid growth is common [4, 8] . These skin lesions may resemble pyogenic granulomas [5] or subcutaneous abscesses [4] or have a hemangiomatous morphology with profuse bleeding due to tumor hypervascularity [6] . Cutaneous metastases from cholangiocarcinoma may also occur in the scalp and face, but they are more often located on the abdominal wall (i.e., at the exit-site of a percutaneous biliary drain) [8] .
In our first case, the etiology of the cutaneous metastases is unclear. The original tumor did not appear to have any lymphatic invasion although this may be due to the ablative chemoembolization. The patient had a CT guided biopsy at an outside institution, and it is possible that the site of metastases may have been the site of needle insertion. Still, this biopsy occurred three years earlier making the diagnosis of needle tracking less likely. There was no tumor spillage in either of the cases.
Histopathology of cutaneous HCC demonstrates a bottom heavy architecture, with the main infiltrate located in the deep dermis, and the presence of trabecular and pseudoglandular patterns composed of acidophilic cells [3, 8] . Tumor necrosis and vascular invasion are common findings. Furthermore, Mallory bodies (intracytoplasmic inclusion bodies found in hepatocytes) strongly suggest HCC and the presence of bile is confirmative [3, 8] . Cutaneous metastasis from cholangiocarcinoma presents with a nonspecific pattern of diffuse involvement of the dermis by pleomorphic epithelial cells with poorly preserved glandular architecture [8] .
Immunohistochemical studies have added great value to the establishment of a pathologic diagnosis for these diseases. Neoplastic hepatocyte cells express immunoreactivity for polyclonal carcinoembryonic antigen (CEA), AFP, cytokeratins (CK) 8 and 18, and hepatocyte paraffin-1 (HepPar-1) (an antigen of the hepatocyte mitochondria) monoclonal antibody, which has been considered as the most specific and sensitive marker of normal and neoplastic hepatocytes [3, 8] . Although there is no characteristic panel of antibodies that are pathognomonic for cholangiocarcinoma, tumors of biliary epithelial origin tend to express CK7 and sometimes CK20 although they lack CDX2 expression [7, 8] . These immunohistochemical markers can thus be helpful in initially narrowing the diagnosis.
To date, there have been no reports of metastatic cholangiocarcinoma to the skin and only one case of metastatic HCC to the skin following liver transplantation [9] . In the report by Alonso-González, HCC recurrence was identified within the liver, lungs, and lymph nodes. The patient died just 6 weeks following their diagnosis of skin metastases. We present two cases of cutaneous metastases from hepatobiliary primaries, representing both HCC and mixed HCC/cholangiocarcinoma, as the first sign of tumor recurrence in two liver transplant recipients. Intrahepatic recurrence or metastases elsewhere were not identified in either case profile.
Skin metastases from liver cancers represent a dismal prognosis for most patients, with overall survival varying between a few weeks and six months [4, 9] . The patient who underwent abdominal wall resection and mesh reconstruction is doing well at the time of the publication of this paper, six months since diagnosis, while the other patient suffered a precipitous decline in his health with malignant pleural fluid and poorly controlled pain and died just three months following diagnosis. The first patient has been started on sorafenib, an oral multikinase inhibitor of the vascular endothelial growth factor receptor, the plateletderived growth factor receptor , and Raf, which has been shown to inhibit tumor-cell proliferation and angiogenesis and increase the rate of tumor-cell apoptosis in advanced cases of hepatocellular carcinoma and other tumors [12] . Two large randomized control trials have demonstrated that it can increase survival of patients with advanced HCC by approximately 2 to 3 months, and the Food and Drug Administration approved it in 2007 for this patient population [12, 13] . Recent case-control studies have demonstrated similar modest survival benefit in patients with recurrent HCC following liver transplantation [14, 15] , and based on current data, algorithms that integrate sorafenib into the management of posttransplant HCC recurrence are emerging [16] .
Additionally, both patients underwent modifications in immunosuppression and have been switched to everolimus due to the potential antitumor activities of this drug through its ability to inhibit the mTOR pathway, a key regulator of cellular proliferation and angiogenesis, the activation of which has been linked to a variety of malignancies [17] . Despite the potentially beneficial effects of mTOR inhibitors on HCC recurrence following liver transplantation, there are currently only retrospective and uncontrolled clinical trials available from which to draw supportive evidence [17] . Fortunately, a prospective, randomized open-label trial examining the application of mTOR inhibitors for the prevention of Case Reports in Transplantation 5 HCC recurrence following liver transplantation is currently underway [18] .
In summary, the present report demonstrates that cutaneous metastases from hepatobiliary cancers may occur following liver transplantation. This may be the first sign of recurrence and a high degree of suspicion is warranted. Although skin metastases generally portend a grim prognosis, palliative options may include surgery, radiotherapy, immunosuppressant adjustments, and systemic chemotherapy.
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